A narrative review was carried out to identify articles on monitoring of teamwork, with particular relevance to anaesthetists. The papers reviewed showed that team monitoring takes place both implicitly and explicitly in the anaesthetic environment. No single optimal model of teamwork monitoring for all situations was identified. Most of the studies identified were of a pre-intervention, post-intervention design, without randomisation or control group. Information shared during a formal briefing is more likely to be recalled, and provides a basis for a shared team mental model. A number of studies appeared to show that targeted teamwork training has a positive impact on both teamwork and patient safety.
Introduction
Anaesthetic practice is performed in teams, either in the operating theatre, intensive care unit or pain medicine clinic. The size of the teams involved in any one patient's care has increased dramatically from the days when the care for a ward was done by a small 'firm' with minimal cross-cover. Atul Gawande described his mother coming into the hospital for a routine elective total knee replacement, and 66 members of staff were counted coming into her room over the 3 days she was in hospital [1] . With so many staff being involved in any patient's care, it is important for teams to work effectively. Anecdotally we can all think of healthcare staff who are skilled individuals, yet who fail to work well in a team.
'Effective team monitoring is not simply achieved by watching teammates doing their work [2] '. Monitoring overlaps with situation awareness. Situation awareness is described as having three components: gathering information; understanding what the information means; and being able to anticipate what might happen next [3] . This approach can be applied to monitoring teamwork. There is a need for team members to see the whole situation and how their colleagues are performing, for team members to form an effective mental model of both the team and the task, and to anticipate how they may need to adjust their actions to co-ordinate with or support their colleagues.
It is easier to know what other team members are doing if they work together regularly, and this leads to classification of teams into expert teams or action teams [4] . The membership of an expert team is consistent for prolonged periods, allowing members to learn how each performs designated tasks and provides support to the team. An elective theatre list which regularly has the same anaesthetist, anaesthetic assistant, surgeon and scrub team would be an example of an expert team. Action teams often form at the time that a time-critical task needs performing, and have a fluctuating membership. Anaesthetic examples of action teams include working in an emergency theatre with different surgical teams for each patient, or attending a trauma call with a new shift of staff. The Crew Resource Management philosophy is to train staff so they can be competent team members in whatever team they find themselves [4] .
The purpose of this review was to summarise the literature on monitoring teamwork, and especially its application as related to the teams in which anaesthetists work.
Methods
The method used for this narrative review was a search by the author for relevant articles, performed electronically using Medline, CINAHL, PsycINFO, 'Psychology and behavioural sciences collection', 'Biomedical reference collection', 'Health business elite', 'Library, Information science and Technology abstracts' and Ovid databases accessed from the NHS electronic library. The search terms used were 'teamwork', AND 'monitoring'. Adding the search terms 'monitor*', 'support*', 'co-ordination' and 'team' increased the number of articles found to over 26,000, but few were relevant, so the original search terms were used on their own. Articles in languages other than English were not excluded.
The titles of articles identified were screened for relevance, and the abstracts reviewed. The full text of abstracts which appeared relevant were obtained and assessed for relevance. In addition, any articles referenced in these papers which appeared relevant were retrieved and examined. These papers were also read to identify any further papers, and so on until no new articles were identified. In addition, authors who had published key papers in the area were contacted by e-mail to ask if they were aware of any studies which had been performed but not published.
Although articles from areas outside healthcare were reviewed, priority has been given to discussion of articles of relevance to the anaesthetist. The last electronic search was performed on 27 May 2016.
Results
A summary of the results of the search is displayed in communication; co-ordination; teaching teamwork; workload; behavioural rating sytems.
Methods used to research and identify teamwork monitoring
Research in human factors has been described as using questioning techniques (interviews, focus groups and questionnaires), critical incident reports and observation (direct and indirect methods, such as video recording) [4] . This literature search did not identify any critical incident database analyses which addressed teamwork and its monitoring. The use of interviews [5, 6] , focus groups [7] and questionnaires [8] [9] [10] was commonly reported. The use of video recording [2, 11, 12] was reported more commonly than direct observation [13] . A developing research technique is the use of sensors (such as radio frequency identification tags, infrared sensors and accelerometers) to record the position and movement of people or equipment [14] . Teamwork in firefighters has been studied using smartphone sensors [15] . The phones were used to record sound, as well as position (both horizontally and vertically) and hence movement (via GPS). In simulated fire-fighting situations the interactions and proximity of team members were studied. The higher performing teams had stronger interactions. Sensor-based research has been carried out in trauma rooms [16, 17] and a paediatric ward [18] .
Team composition
Some studies simplified the assessment of teamwork by limiting the number of members of the team to two or three, especially looking at the interaction between the anaesthetist and anaesthetic assistant [2, 12, [19] [20] [21] ].
An alternative approach was to use Social Network Analysis. Crawford and LePine discuss the impact of the structure or configuration of groups on their effectiveness [22] . It is a densely written article (the second sentence is over a hundred words long, and more than half the first paragraph), but provides a useful perspective to considering team interactions and the potential for future research. The paper focuses on the effects of different team structures on task work and teamwork processes.
A task-work network describes connections between members who are jointly involved with the same tasks, tools or system, such as the anaesthetist and anaesthetic assistant at the induction of anaesthesia.
The teamwork network illustrates how they interact to accomplish the tasks required, or how it is co-ordinated. Teamwork processes were described as transition (evaluation and planning), action (during activity when co-ordination and monitoring relate to achieving goals) and interpersonal (managing relationships).
The task-work networks may be separate from the teamwork networks, or may overlap. Team members may keep an eye out for each other, share plans and encourage each other (or not in some cases). The relationships can be illustrated -see Fig. 2 for a hypothetical example.
Increasing teamwork is suggested to be related to effectiveness [23] , but as the complexity of a situation increases, this may impinge on the resources available for effective teamwork. There is therefore a limit, beyond which the benefits of teamwork will be undermined by the loss of attention for task work, or task work will continue with poorer teamwork and communication. Teams that have a centralised structure, with the co-ordination and leadership through an individual can be efficient at low levels of task complexity, as all the information goes to one person, helping to avoid miscommunication. However, as the demands of the situation increase, it is easy for this team structure to work poorly. The central team member or leader becomes overloaded and a limiting point for the other team members, accentuating performance problems. Another approach is to have subgroups specialising within a team. The subteams improve efficiency by their specialisation, but require some members of the subteam to act in a co-ordinating role with other subteams.
Shared mental model and communication
A shared situation awareness or mental model (or knowing what is going on) is required to enable team members to be aware of other team activities and the status of their allocated task.
The mental models used by anaesthetic residents (n = 31) and nurses (n = 31) for induction of anaesthesia were compared [2] . Participants were asked to place cards on which the tasks were written into the correct sequence (concept mapping), and this was compared with an expert standard (team model accuracy) and with their other team member (team model similarity). The pairs then performed a simulated induction of anaesthesia, complicated by unanticipated hypotension. The pairs of participants who shared a similar mental model were more effective in achieving a sequence of actions that were considered the gold standard (prepared by an expert panel).
Communication is a major source of information for teamwork monitoring, but is frequently prone to failure [24, 25] . Hu et al. looked at six complex operations lasting a total of 22 h [25] . They found on average a failure in verbal communication once every eight minutes. A total of 8.7% of the communications were classified as failures. Communication between anaesthetists, surgeons or nurses resulted in failure 11.2% of the time, whereas within a single discipline it was only 6.1%. Eighty-one per cent of the communication failures resulted in inefficiency.
Approaches to improving communication in teams include standardised communication tools, and briefings before commencing the task.
Weller et al. [26] proposed improved communication through use of efficient communication strategies (e.g. SBAR), training teams together, the use of simulation, encouraging the ability of all to be able to speak up and see their teams as inclusive, with protocols that support teamwork within a supportive organisational culture. In a simulation study, 20 teams of 6 members managed a challenging laparotomy (perforated viscus with anaphylaxis, stab to inferior vena cava with profound hypotension) [27] . Different members of the team were given separate items of information, and the team was observed to see if these items were shared and recalled by other team members. Only 88 of 234 possible information probes were mentioned correctly or clearly. If the information was shared during formal team communication (such as briefing), it was five times more likely to be remembered.
Focus groups consisting of nurses (n = 18), respiratory therapists (n = 3) and doctors (n = 10) discussed the identification of patient risk [7] . Three themes emerged: the role of team-based care, the availability of standardised information and standardisation Figure 2 Networks of task work and team work in a hypothetical operating theatre. An, anaesthetist; Sg, surgeon; AA, anaesthetic assistant; SN, scrub nurse; FN, floor nurse; HCA, healthcare assistant. The solid lines denote task work relationships, the dashed lines teamwork relationships. The network on the left shows all the task and teamwork relationships, the second shows isolated/simple task work relationships, the third shows isolated/simple teamwork relationships, while the network on the right shows combined/multiplex task and teamwork relationships. The convention is that the thicker the line, the stronger or more frequent the task or teamwork relationship.
of processes and procedures to allow early recognition of deviation from expected task progression. Inadequate pre-operative briefings in trauma and orthopaedic theatres have been shown to be associated with increased intra-operative adverse events [28] . Before a change in policy and staff education, 41 lists were audited and 37 adverse events recorded. This dropped to three adverse events in 47 lists following the intervention. Briefing also reduced errors in a study with 40 undergraduates using a computer simulation of a helicopter surveillance mission [29] . Teams with high levels of communication and planning in advance had lower error rates than teams with low levels of communication and planning.
Co-ordination of tasks with a shared mental model can take place explicitly (briefing, safer surgical checklist) or implicitly, such as when members of a team have worked together for some time and know what other members of the team need to perform their roles.
A study of anaesthetic teamwork looked at the induction of anaesthesia using video recording in an anaesthetic room [12] . The filming took place over 14 days with the consent of both patients and staff. An ethno-methodological and conversational analysis approach was taken to interpret the video recordings. It was noted that the anaesthetist telling the patient what was going to happen provided cues for the anaesthetic assistant to enable co-ordination of their work. Much of the co-ordination was tacit, without explicit discussion. The only time it was noted that the anaesthetist had to ask for a tracheal tube was when the anaesthetic assistant was a trainee.
A randomised simulator study of a 'call-out' acronym (SNAPPI) was tested [30] . The SNAPPI acronym stands for Stop, Notify, Assess, Plan, Prioritise, Invite ideas. Forty anaesthetists managed two scenarios: local anaesthetic toxicity; and pulmonary embolism. When the anaesthetists had been taught the SNAPPI acronym, it was associated with increased verbalisation of the diagnosis.
Standardisation of practice can be assisted by checklists [31] . A process is more likely to be consistent if a checklist is used appropriately, and this helps staff to anticipate actions of other team members. A simulation study of anaphylaxis management with 24 three-person teams (consultant and trainee anaesthetists, and anaesthetic assistant) looked at the design and use of cognitive aids [21] . The overall team performance was improved with a linear cognitive aid, compared with no cognitive aid or a branched cognitive aid. However, the use of cognitive aids did not affect the scores of Mutual Performance Monitoring in the Auckland Team Score [32] .
Repeating information back to the sender (readback) allows the sender of a message to know if the recipient has picked it up correctly. It may also help the recipient to remember the information better, as shown in a study of 88 simulations with recovery staff having an emergency and calling for the anaesthetist [33] . If the anaesthetist read-back information during communication, the odds ratio for remembering that information was 8, and if verbally acknowledged without read-back it was 3 (compared with no verbal response).
Handing-over of responsibility for a patient's care risks loss or distortion of information. Semi-structured interviews with surgeons (n = 7), anaesthetists (n = 5) and nurses (n = 6) described failures of communication and handover across the surgical care pathway [5] . This resulted in increased mortality, morbidity and duration of hospital stay. The stages in the processes where problems could arise were considered using failure modes and effects analysis [34] .
Managing patients' care is even more challenging when the patients are on different sites. A study described the use of telemonitoring, with support given by intensive care staff in teaching hospitals to staff in community hospitals [35] . The introduction of remote telemonitoring of the peripheral units by the teaching hospital was associated with improved teamwork and improved safety climate scores.
Monitoring teamwork requires knowledge of the roles of other team members. In emergency settings, team allocations are often unclear, as was documented in a quality improvement initiative for difficult airway management [36] . The authors described the development of a Difficult Airway Response Team to manage challenging airways outside the operating theatre.
Co-ordination
Co-ordination can be implicit or explicit. Video recordings of the induction of anaesthesia in 23 patients showed that co-ordinating actions were two-thirds explicit and one-third implicit [11] , although more time (60%) was spent with implicit co-ordination. In phases of the induction which were highly standardised there was less explicit co-ordination and leadership. Communication could be directed at team members, or conversation directed at the patient could also let other team members know what was happening [12] . The anaesthetist told the patient about change in bed position, and the operating department practitioner came over to assist without being asked. There was also a description of successful implicit co-ordination between an anaesthetist and trainee anaesthetist at the induction of anaesthesia, although it was the trainee's first day in that hospital and he had not worked with the other anaesthetist before.
In a study of speaking up during simulated anaesthetic inductions [37] , better technical performance was achieved when the nurses spoke up to the doctors. Thirty-one pairs of nurses and residents performed simulated induction of anaesthesia with minor non-routine events (such as bradycardia). Speaking up by the nurses was associated with improved technical team performance. The residents responding to the nurses would explain what they were doing, change procedure or increase team monitoring.
An interview study (with 17 surgeons and 16 nurses) of co-ordination in surgical teams described the support team members might give each other, such as the anaesthetist helping the scrub nurse if the circulating nurse was already busy [38] . This study also emphasised the importance of information-sharing before surgery to enable efficient working, and to plan for potential complications. When the surgery became more complicated, or something unforeseen occurred, the surgeons would slow down and discuss their options, as also described by Moulton et al. [39] .
Providing support might seem invariably positive. However, a study of university students using a military simulation in 68 teams of four showed improved team efficiency with backup behaviours as a result of support, but at the expense of the supporting members neglecting some of their own tasks [40] . In addition, students who were assisted in earlier rounds were likely to decrease their task work in subsequent simulations.
Teaching teamwork
Does teaching teamwork monitoring have an effect? Salas et al. [41] recommend training that is appropriate for the requirements of the task and the organisation, and the use of simulation and prompt targeted feedback. The most widely published programme for teaching teamwork in healthcare setting is TeamSTEPPS (Team Strategies and Tools to Enhance Performance and Patient Safety). TeamSTEPPS was developed by the United States Agency for Healthcare Research and Quality with the Department of Defence [42] . It was put together by an expert panel, and requires assessment of training needs, training and further work to maintain any progress made. The TeamSTEPPS Team Perception Questionnaire was assessed in a survey of 1700 healthcare staff [43] . Confirmatory factor analysis was performed, and supported the constructs of leadership, mutual support, situation monitoring, communication and team structure.
A survey of staff attitudes to teamwork of ward nurses and auxiliary staff (n = 26) showed an increase in the TeamSTEPPS Teamwork Attitude Questionnaire scores following TeamSTEPPS training [44] . Simulation training with neonatal staff (n = 42) showed an increased likelihood of a drug prescription error being challenged, increasing from 38% to 77% following training with TeamSTEPPS, as well as improved team behaviours [45] . A patient safety/high reliability campaign at a children's hospital [10] was assessed to have improved teamwork as measured by the Safety Attitudes Questionnaire [8] . This was associated with a 25% decrease in the unadjusted mortality scores, while over the same period the predicted mortality scores increased. A trauma hospital which introduced teamwork training using TeamSTEPPS recorded an associated decrease in times from admission until intubation of the trachea, transport to CT scanner and to operation [46] .
A review of literature on the evidence of what works to improve teamwork highlighted the role of briefing protocols, checklists, interprofessional team training and organisational changes [47] . In general, these approaches improve the mental model of the team and increase standardisation where possible, so the team are able to recognise deviations from what has been planned.
Team training often assumes that the membership of the team does not change, which is often not the case in the operating theatre. Team learning can occur by members bringing experience from previous work into their current team. This was examined in a study of the role of feedback and reflection in surgical teams with changing compositions. The study involved 362 surgical teams in nine wards over a 6-month period [48] . Staff from three wards were trained in reflection on practice, with debriefing at the end of surgery. The surgical teams were observed by medical students who had been trained for the study. There was good inter-rater reliability. The surgical teams varied, making team learning more challenging. However, if there was repeated reflection among some members of a team, learning was expected to be transmitted between team members, and thus able to be used in future circumstances (either with the same team or a new team). The time taken to perform surgery was shorter as team workload sharing increased, and was more noticeable with increased task complexity. In addition, the study's assessment of 'Acute Team Learning' was associated with a reduced number of adverse events in low-complexity surgery.
Teamwork training was not found to be universally effective. Peer feedback was seen to improve hand hygiene in intensive care for the nurses (63-83%) but not for medical staff (24-20%) [49] .
Workload
It might be expected that teamwork might suffer when staff are task-saturated. A study of simulated transfers by Critical Care Air Transport Teams (United States Air Force) (n = 16) showed 45 crisis events, with task saturation occurring in 49% [50] . Teamwork (odds ratio (OR) 1.96) and communication (OR 2.08) were impaired with task saturation. The odds ratio for mutual performance monitoring was 1.9, but the 95% confidence intervals reached an odds ratio of 1. Adverse events were more common in teams that were task saturated (91% vs. 23%).
Teamwork taxonomies and non-technical skills behavioural rating systems
A wide range of behavioural rating scales were identified which mentioned teamwork as one of their categories, such as OTAS (Observational Teamwork Assessment for Surgery) [51] , Oxford NOTECHS (Non-Technical Skills) 2 [52] , ANTS (Anaesthetic Non-Technical Skills) [53] , NOTSS (Non-Technical Skills for Surgeons) [54] , SPLINTS (Scrub Practitioners List of Intra-operative Non-Technical Skills) [55] , ANTS-AP (Anaesthetic Non-Technical Skills for Anaesthetic Practitioners) [56] , NANTS (Nurse Anaesthetists' Non-Technical Skills) [57] and EMT-Teamwork (Emergency Medical Technician) [58] . A behavioural rating scale for obstetricians performing forceps or vacuum deliveries was developed [59] . It has a category of 'cross monitoring of performance' which is not present in NOTSS.
A teamwork instrument for critical care [32] was developed from literature research, and based on the Mayo High Performance Teamwork scale. It was tested in four simulations. Exploratory factor analysis grouped 20 of the 23 items into three categories: leadership and team coordination; mutual performance monitoring; and verbalising situational information. This tool was then used for self-assessment by participants (n = 120), and compared with the scores of expert observers [60] . The scores given by the participants correlated well with the scores of external assessors, but participants rated their teamwork better. Another study comparing participant and observer ratings in a UK paediatric ICU used the Mayo High Performance Teamwork scale to compare participant and observer ratings of performance following simulations [61] . Team training was provided with the Simulated Paediatric Resuscitation and Team Training programme (SPRinT) [62] . Overall agreement between ratings as measured by Cohen's kappa was 0.62, demonstrating good correlation between participant and observer ratings. However, this is not conclusive proof that self-reflection alone is sufficient to assess one's teamwork capabilities.
Two teamwork scales were identified for resuscitation situations. The Team Emergency Assessment Measure (TEAM) [63] has been adapted for use on Advanced Life Support (ALS) courses run by the Resuscitation Council (UK). It was developed by literature review, expert panel with external expert review, followed by checking for consistency with videorecorded resuscitations (both hospital and simulations). The 11 sections correlated well with the global teamwork score. There were three categories of leadership, teamwork and task management. The non-technical skills required in resuscitation were investigated by semi-structured interviews with 11 ALS instructors [6] . The themes identified included communication and mutual performance monitoring.
The Co-ACT framework was designed to include healthcare teams (having been based on work related to anaesthesia initially) [64] . The Co-ACT structure is laid out like a quadrant, with explicit vs. implicit coordination, and action versus information. There are 12 behavioural codes with three in each quadrant.
• Explicit-action: instruction, speaking up, planning.
• Implicit-action: monitoring, action-related talking to the room, private assistance.
• Explicit-information: information request, information evaluation, information on request.
• Implicit-information: gathering information, information related talking to the room, information without request.
Discussion
The literature search identified a wide body of research that examined monitoring teamwork in healthcare, but usually published in journals that anaesthetists are less likely to read. Monitoring teamwork was often identified as a theme within a wider study, rather than the main focus of the study itself. A review of teamwork proposed that there were five key components of teamwork, namely leadership, mutual performance monitoring (identifying mistakes or lapses and providing feedback), backup behaviour (reallocating tasks to less utilised members of the team), adaptability and team orientation [65] .
This review identified a consistent pattern of results of improving teamwork using different methods and from different institutions. Failures to show improvements were present [49] , but were less commonly described. These patterns mirrored those shown in non-healthcare research that was identified but not reported in this review.
There are a number of caveats to this review. This is a difficult area to research. Clinical practice is complex, making direct observation time-consuming, and there is potential to influence behaviour due to the process of being observed. Many of the studies limited observation to anaesthetic induction in order to restrict the number of staff being observed. Whether behaviours which are appropriate in a team of two are still applicable in a much larger team has been questioned [22] .
Generally, the studies failed to stipulate sample sizes in advance. The impression gained was that convenience samples were used (sometimes with very small numbers [66] . However, some studies had large numbers of participants [48] , especially those using questionnaires [8, 43] .
It would have been preferable to identify more studies like that of Weller and colleagues, which randomised participants to different approaches [30] . The most common approach was to assess participants before and after an intervention, with the risk of bias. The impact of teamwork interventions appeared largely positive. This may in part be due to publication bias, as negative findings were infrequent. However, it is reassuring that contacting leading researchers in the area did not reveal any studies that had been performed and not published. Salas et al. have performed a systematic review of teamwork that has been accepted for publication (personal communication) .
So what are the implications for anaesthetic practice? Teamwork training should be based on an assessment of the learning needs of the area, and a single 'one shot' approach should be avoided in favour of repeated cycles of intervention and reassessment [41] . The Team-STEPPS approach has the most publications to support its use, but is not the only intervention available. Learning from experience in action teams is challenging, as learning can only be transferred by individuals from one team to another with repeated training [67] . In teams where membership changes frequently, people tend to give less weight to rare but hazardous outcomes than their frequency and impact deserve [68] .
Tacit or implicit co-ordination occurs commonly [11] , and requires shared mental models that may not be present. Briefing before tasks helps to share mental models among the team, and communication made at formal points such as briefing are more likely to be remembered by team members [33] . Communication failures are common in the operating theatre [24, 25] , and an awareness of communication tools (closed loop, SBAR, SNAPPI) can improve the structure of communication. Speaking to named individuals is more likely to gain their attention, but speaking out to the room can be used to let other members of the team know about a clinical problem [30] .
There is no single team structure which will be appropriate in all circumstances. Teams may need to split into subteams to avoid overloading a central figure providing leadership [22] .
In summary, the papers reviewed showed that team monitoring takes place both implicitly and explicitly in the anaesthetic environment. No single optimal model of teamwork monitoring for all situations was identified, but targeted teamwork training appears to have a positive impact on both teamwork and patient safety.
